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We describe a rich family of binary variables statistical mechanics models on planar graphs which
are equivalent to Gaussian Grassmann Graphical models (free fermions). Calculation of partition
function (weighted counting) in the models is easy (of polynomial complexity) as reduced to eval-
uation of determinants of matrixes linear in the number of variables. In particular, this family of
models covers Holographic Algorithms of Valiant [1–3] and extends on the Gauge Transformations
discussed in our previous works [4–8]. The planar part is based on [9].

We further extend our approach to the general case of surface graphs and demonstrate that,
similar to the case of the dimer model considered in [10, 11], the partition function is given by an
alternating sum of 22g determinants that correspond to 22g spinor structures on the embedding
Riemann surface of genus g. This is achieved by considering the Z2-self-intersection invariant of
immersions, and relating the spinor structures to the equivalence classes of Kasteleyn orientations
on the so-called extended graph, associated with the original graph.
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